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BACKGROUND. The 11,811 first visits and 46,751 annual follow-up visits performed since
1988 were analyzed in order to assess the efficacy of serum prostatic specific antigen (PSA)
and digital rectal examination (DRE) for diagnosis of prostate cancer.
METHODS. At first visit, screening included DRE and measurement of PSA using 3.0 ng/ml
as upper limit of normal, demonstrated as optimal value in the course of the study. Trans-
rectal echography of the prostate (TRUS) was performed only if PSA and/or DRE was ab-
normal. For elevated PSA, biopsy was performed only if PSA was above the value predicted
from prostatic volume measured by TRUS. At follow-up visits, it was decided during the
course of the study to use PSA alone.
RESULTS. PSA was above 3.0 ng/ml in 16.6% and 15.6% of men at first and follow-up visits,
respectively. Prostate cancer was found in 2.9% of men invited for screening at first visit and
in only 0.4% of men at follow-up visits for a 7.1-fold decrease at follow-up visits done up to
11 years. PSA alone allowed to find 90.5% and 90.0% of cancers at first and follow-up visits,
respectively, compared to 41.1% and 25.0% by DRE alone. In the presence of normal PSA, 344
and 1,919 DREs are needed to find one prostate cancer at first and follow-up visits, respec-
tively. A significant improvement in stage of the disease is found at follow-up (215 cancers)
compared to first visits (337 cancers). Comparison made between men invited for screening
and those who were not invited but screened showed no significant difference in terms of
incidence and prevalence of prostate cancer as well as diagnosis of cancer as a function of age
or as a function of PSA, DRE, and TRUS data. The cost for finding one case of prostate cancer
is estimated at Can $2,420 and Can $7,105 (first and follow-up visits, respectively, when PSA
is used as prescreening).
CONCLUSIONS. PSA used as prescreening and followed by DRE and TRUS when PSA is
abnormal is highly efficient in detecting prostate cancer at a localized (potentially curable)
stage since 99% of the cancers diagnosed were at such a localized stage, thus practically
eliminating the diagnosis of metastatic and noncurable prostate cancer. The approach used is
highly reliable, sensitive, efficient, and acceptable by the general population. The detection of

All dollar amounts in article are given in Canadian currency.
*Correspondence to: Dr. Bernard Candas, Oncology and Molecular
Endocrinology Research Center, Le Centre Hospitalier de
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INTRODUCTION

When the diagnosis of prostate cancer is made at
the metastatic stage, even the best treatment can only
prolong life with minimal hope of a cure [1–6]. Con-
sequently, the only possibility for a major impact on
prostate cancer mortality is treatment of localized dis-
ease before cancer reaches the bones, which are the
usual site of distant metastases and where the cancer
usually develops resistance to treatment. It is thus
clear that if prostate cancer is not treated at a localized
stage, it will remain the second cause of cancer death
in men [7]. In fact, it was predicted that 37,800 men
would die from prostate cancer in the United States in
1999. Prostate cancer is thus a major medical and so-
cial problem in urgent need of a significant improve-
ment in diagnosis and treatment.

Since prostate cancer usually develops insidiously
for many years without signs or symptoms until it
reaches the noncurable stage of metastases in the
bones, screening in asymptomatic men is essential.
The absence of data showing the efficacy of early treat-
ment was erroneously interpreted as being equivalent
to negative results. Most fortunately, five prospective
randomized trials have recently demonstrated for the
first time that prolongation of life is achieved in pa-
tients with localized prostate cancer treated with an-
drogen blockade [8–12].

The essential objective of screening for prostate can-
cer is detection of the cancer at a localized and thus
curable stage before the cancer reaches to the bones
where the success of treatment is only temporary. In
order to be useful and applicable in the general popu-
lation, however, the screening tests used must be
simple, noninvasive, reliable, efficient, and of low cost.
It thus becomes particularly important to obtain pre-
cise information on the performance of the two tests
most currently available for screening, namely PSA
and digital rectal examination (DRE). It is clear that
such information can only be obtained from large-
scale studies. The interest in this area is particularly
high following the decision of the European Random-
ized Study Screening for Prostate Cancer (ERSPC) not
to use DRE for screening when PSA is normal (# 3.0
ng/mL) [13]. It will also be of interest to compare the
results obtained in the groups of men invited and not
invited for screening.

SUBJECTS AND METHODS

As part of the prospective, randomized, and con-
trolled Laval University Prostate Cancer Detection
Program (LUPCDP), men aged 45–80 years were ran-
domly selected for screening tests from the electoral
rolls of Québec City and its vicinity. Men in the control
group not invited for screening are followed accord-
ing to current medical practice for diagnosis and treat-
ment of prostate cancer and are identified during fol-
low-up in the Quebec Cancer Death Registry, while
the men selected for screening were invited to partici-
pate by letter and are followed by annual visits at the
prostate cancer clinic. To minimize bias, no public an-
nouncement was made through the media. From No-
vember 1988 to December 1998, a total of 7,195 men
(>99% Caucasians) in the invited group of the electoral
rolls were examined at first visit; and 30,891 follow-up
visits were performed. The number of men selected in
each age group was proportional to that in the general
male population. Other men (4,616) not invited for
screening as part of the LUPC Detection Program re-
ceived the same screening tests at first visit, while
15,860 follow-up visits were performed in this group
of noninvited men.

Participants completed a questionnaire on familial
incidence of prostate cancer and provided information
on genitourinary history and present symptomatolo-
gy. They then had measurement of serum PSA and
underwent DRE. The PSA and DRE tests were per-
formed independently. TRUS was performed only in
cases with positive PSA and/or DRE, except for the
first 1,002 men who all had the three procedures, as
previously reported [14]. At follow-up visits, TRUS
was done if serum PSA already above 3.0 ng/ml had
increased by more than 20% compared with the value
measured one year earlier (the interassay coefficient of
variation [c.v.] being 9.6%, we accepted 10% as a pos-
sible increase attributable to the interassay [c.v.]), leav-
ing a 10% increase attributable to changes in PSA se-
cretion or if the measured PSA was increased by more
than 20% above the predicted PSA [15]. Serum
samples were taken before DRE for measurement of
PSA by immunoradiometric assay (Tandem-R PSA,
Hybritech Incorporated, San Diego, CA, or its equiva-
lent).

The following classification of prostate cancer stag-
ing was used at diagnosis: B0 (T2a) (one localized pal-
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pable nodule and/or a TRUS positive lesion < 1 cm in
diameter), B1 (T2b) (one localized palpable nodule
and/or TRUS lesion with a diameter between 1.0 and
1.5 cm), B2 (T2C) (more than one palpable nodule or
TRUS lesion and/or palpable nodule or TRUS lesion
with a diameter > 1.5 cm), C1 (T3a, b) (minimal pal-
pable extracapsular extension or invasion of prostate
capsule at biopsy), C2 (T3c, T4) (extension of tumor to
seminal vesicles and/or bladder neck at biopsy), D1
(Tx, N1, 2 M0) (lymph node metastases), and D2 (Tx,
M1) (distant lymph node or bone metastases). Of the
339 invited men diagnosed as having prostate cancer,
330 agreed to be staged at our clinic.

RESULTS

Since the population of invited men is exclusively
composed of previously unscreened men, we have the

opportunity to obtain information specific for each
visit, and thus compare the findings at first visit with
those obtained at annual follow-up visits. As shown in
Table IA, 15.5% of the 7,195 men invited for screening
and examined at first visit had serum PSA above 3.0
ng/ml, the optimal cut-off value previously deter-
mined by receiver operator curve analysis [14]. Com-
parable results were obtained in the 4,616 noninvited
men where 18.3% of men had serum PSA above 3.0
ng/ml and were thus candidates for TRUS at their first
visits.

On the other hand, at 30,891 follow-up visits in the
invited group, 15.1% of men had serum PSA above 3.0
ng/ml. Comparable results were obtained in the
15,860 follow-up visits in the group of men not invited
for screening where 16.5% had serum PSA above the
cut-off value of 3.0 ng/ml (Table IB).

TABLE I. Correlation Between Serum PSA Levels and the Presence of Detectable Prostate Cancer in 45- to
80-Year-Old Invited Men at 7,195 First Visits (A) and 30,891 Follow-Up Visits (B). Similar data are presented for 4,616

first visits and 15,860 follow-up visits in a similar population of uninvited men.

(A)

PSA
(ng/ml)

First visit

Not invited Invited All subjects

Visits
(#)

Total
(%)

CaP
(#)

CaP
(%)

Visits
(#)

Total
(%)

CaP
(#)

CaP
(%)

Visits
(#)

Total
(%)

CaP
(#)

CaP
(%)

0.0–1.0 2,090 45.3 5 0.24 3,086 42.9 3 0.10 5,176 43.8 8 0.15
1.1–2.0 1,236 26.8 3 0.24 2,153 29.9 6 0.28 3,389 28.7 9 0.27
2.1–3.0 445 9.6 8 1.80 838 11.7 12 1.43 1,283 10.9 20 1.56
3.1–4.0 259 5.6 12 4.63 427 5.9 29 6.79 686 5.8 41 5.98
4.1–5.0 162 3.5 13 8.02 212 3.0 18 8.49 374 3.2 31 8.29
5.1–7.0 184 4.0 19 10.33 218 3.0 37 16.97 402 3.4 56 13.93
7.1–10.0 111 2.4 23 20.72 120 1.7 29 24.17 231 2.0 52 22.51

10.1–20.0 90 2.0 18 20.00 98 1.4 41 41.84 188 1.6 59 31.38
>20.1 39 0.8 25 64.10 43 0.6 36 83.72 82 0.7 61 74.39
Total 4,616 100 126 2.73 7,195 100 211 2.93 11,811 100 337 2.85

(B)

PSA
(ng/ml)

Follow-up visits

Not invited Invited All subjects

Visits
(#)

Total
(%)

CaP
(#)

CaP
(%)

Visits
(#)

Total
(%)

CaP
(#)

CaP
(%)

Visits
(#)

Total
(%)

CaP
(#)

CaP
(%)

0.0–1.0 7,554 47.6 1 0.01 14,490 46.9 1 0.01 22,044 47.2 2 0.01
1.1–2.0 4,016 25.3 2 0.05 8,345 27.0 1 0.01 12,361 26.4 3 0.02
2.1–3.0 1,672 10.5 4 0.24 3,392 11.0 1 0.03 5,064 10.8 5 0.10
3.1–4.0 909 5.7 12 1.32 1,847 6.0 31 1.68 2,756 5.9 43 1.56
4.1–5.0 536 3.4 16 2.99 1,023 3.3 19 1.86 1,559 3.3 35 2.25
5.1–7.0 609 3.8 21 3.45 1,042 3.4 33 3.17 1,651 3.5 54 3.27
7.1–10.0 346 2.2 22 6.36 467 1.5 20 4.28 813 1.7 42 5.17

10.1–20.0 193 1.2 9 4.66 257 0.8 18 7.00 450 1.0 27 6.00
>20.1 25 0.2 0 0.00 28 0.1 4 14.29 53 0.1 4 7.55
Total 15,860 100 87 0.55 30,891 100 128 0.41 46,751 100 215 0.46
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The group of noninvited men included men listed
in the electoral rolls and who were originally part of
the control group of our randomized screening study
as well as men from outside the metropolitan area of
Quebec City who came to our clinic on their own with-
out being invited by letter. When all data are pooled
(Table IA,B), 16.6% of 11,811 men at first visit had
abnormal PSA while, at 46,751 follow-up visits, PSA
was abnormal in 15.6% of cases (Fig. 1). Thus, at first
(11,811) and follow-up (46,751) visits, 83.4% and 84.4%
of men have serum PSA within normal limits or below
3.0 ng/ml. It can also be seen on the same figure that
serum PSA was at or below 2.0 ng/ml in 72.5% of men
at first visits and 73.6% of them at follow-up visits.

The most significant changes observed between
first and annual follow-up visits of invited men are
seen at serum PSA values above 20 ng/ml where a
6.7-fold reduction was seen at follow-up visits in the
percentage of men having a serum PSA above 20 ng/
ml, the incidence rate decreasing from 0.69% at first
visit to 0.09% at follow-up visits of invited men. Simi-
larly, in the group of noninvited men, there was a
5.4-fold reduction in the number of men who had se-
rum PSA above 20 ng/ml at follow-up compared to
first visits.

Since a major concern about screening is a potential
increase in the number of clinically not significant can-
cers detected, it is important to see in Table I and
Figure 2 that only 128 cancers were found at 30,891
follow-up visits in invited men for an incidence of
0.41% compared to a prevalence of 2.93% (211 cancers
in 7,195 men) at first visit. The percentage of men
found as having prostate cancer at follow-up visits is
thus 7.1 times lower than at first visits. In the nonin-
vited men, 126 cancers were found at 4,616 first visits
for a prevalence of 2.73% while at 15,860 follow-up
visits, 87 cancers were found for an incidence of 0.55%
(Table I). The percentage of noninvited men diag-

nosed with prostate cancer is thus 5.0 times lower at
follow-up compared to first visits.

When the 6,136; 5,498; 5,207; 3,503; 3,358; 3,248;
2,742; 1,005; 162; and 32 men not found to have pros-
tate cancer at first visits (7,195) were similarly exam-
ined by serum PSA at their second, third, and until
their eleventh annual visit, the incidence of prostate
cancer was found to be much lower at 0.46, 0.56, 0.48,
0.57, 0.21, 0.15, 0.36, 0.20, 0, and 0%, respectively (Fig.
3). It can be seen in Table I that similar results were
found in the group of noninvited men.

A particularly important finding illustrated in Fig-
ure 4 is that the percentage of men showing serum
PSA above 3.0 ng/ml who were found to have pros-
tate cancer decreased from 17.0% at first visits (1,118)
to 2.7% at follow-up visits (4,664) in the group of in-
vited men. There was thus a 6.3-fold decrease in the
incidence of diagnosed prostate cancer at follow-up
compared to first visits in men having abnormal PSA.
In other words, prostate cancer was found in 1 out of
5.9 men having serum PSA above 3.0 ng/ml at first
visits compared to only one out of 37 men having
similar PSA levels at follow-up visits. In the group of
noninvited men having an abnormal PSA at first visits
(> 3.0 ng/ml), 110 cancers were diagnosed in 845 men
with abnormal PSA for an incidence rate of 13.0% and
cancer was thus found in one out of 7.7 men (Table I).
At follow-up visits, on the other hand, the percentage

Fig. 1. Distribution of serum PSA at first and follow-up visits in
45- to 80-year-old men.

Fig. 2. Percentage of men diagnosed with prostate cancer at
first and follow-up visits.
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of men with abnormal PSA found with cancer de-
creased to 3.1% (80 cancers in 2,618 men with abnor-
mal PSA). A cancer was thus found in 1 out of 33
noninvited men having abnormal PSA at follow-up
visits, thus showing a 4.3-fold decrease compared to
first visits.

In a total of 38,086 visits of invited subjects, 339
cancers were detected by abnormal serum PSA and/
or DRE. Five of these cancers were detected only by
TRUS in the first 1,002 men, when TRUS was per-
formed in all men independently of the results of se-
rum PSA and DRE [14]. In fact, the results of our initial
study [14] meant that the general use of TRUS could
not be justified as a first-line procedure for detection
of prostate cancer. This technique was then subse-
quently limited to the subpopulation of men with
abnormal serum PSA and/or DRE. This decision was
based on the need to develop a strategy for the diag-
nosis of early stage and curable prostate cancer that
would be sensitive, efficient, precise, require minimal
health professional labor, and be acceptable by the
general population as well as being in line with the
optimal cost-effectiveness required by the health care
system.

Table II thus describes the relative sensitivity of se-
rum PSA and DRE to detect prostate cancer at first
visits and at annual follow-up visits. Since DRE was
eliminated from follow-up visits in January 1993, the
data are presented only for the visits where both PSA
and DRE were performed. These data do not include
the cancers found by TRUS in the presence of normal
PSA and DRE in the early phase of the detection pro-
gram (first 1,002 men [14]). At first visit of the invited
men, 53 of the 168 (31.5%) cancers were both PSA+ and
DRE+; 99 of 168 (58.9%) cancers were PSA+ and DRE−

while only 16 cancers (9.2%) were PSA− and DRE+. At
follow-up visits, 8 of the 40 cancers (20.0%) were PSA+

and DRE+; 30 (75.0%) were PSA+ and DRE− while only
2 (5.0%) were PSA− and DRE+. Thus, 152 of the 168
cancers (90.5%) detected at the first visits were PSA+

while 69 (41.1%) DRE+ (Fig. 5). At the follow-up visits,
38 of the 40 cancers (95.0%) were PSA+, but only 10
(25.0%) cancers were DRE+. Combining all 11,970 vis-
its, 190 of the 208 cancers (91.3%) were PSA+ and 79
(38.0%) were DRE+. Thus showing that PSA has a 2.4-
fold higher sensitivity than DRE at first visit. At first
visits, PSA detects 2.2 times more cancers than DRE
while at follow-up visits, 3.8 times more cancers are
PSA positive than DRE positive.

It is important to mention that of the 40 prostate
cancers diagnosed at follow-up visits in invited men
who had DRE and PSA at all visits, 38 were PSA posi-
tive and only 2 (5.0%) were missed by PSA and found
by DRE, thus demonstrating the unique importance of
serum PSA to detect prostate cancer, especially at an-
nual follow-up screening visits (Table IIB). On the
other hand, at first visits, 90.5% of cancers in invited
men were PSA positive while 9.5% were found by
DRE in the presence of normal PSA (Table IIA) (Fig. 5).

Similar results were obtained in the group of non-
invited men where 44 of the 114 cancers (38.6%) at first
visit were both PSA+ and DRE+; 59 cancers (51.8%)
were PSA+ and DRE− and only 11 cancers (9.6%) were
PSA− and DRE+. At follow-up visits in the noninvited
group of men, 7 of the 34 cancers (20.6%) were PSA+

and DRE+ while 67.6% (23 of 34 cancers) were PSA+

and DRE−. On the other hand, only 3 cancers (8.8%)
were PSA− and DRE+. Thus, while at first visit, 90.4%
of the cancers were PSA+, PSA+ was positive in 95% of
the cancers at follow-up visits of noninvited men.
When combining all data of first and follow-up visits,
133 out of 148 cancers (89.9%) were PSA+ while 43.9%

Fig. 4. Percentage of men with abnormal PSA (> 3.0 ng/ml)
diagnosed with prostate cancer at first and follow-up visits.

Fig. 3. Prevalence (first visits) and incidence (follow-up visits) of
prostate cancer in men invited for screening.
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TABLE II. Number of TRUS-guided Biopsies and Positive Biopsies According to Serum PSA and DRE in Men Who Had Both Exams at All Visits at First
(A) and Follow-up (B) Visits

(A)

PSA DRE

First visit

Uninvited Invited All subjects

Visits
(#)

TRUS Biopsies CaP

Visits
(#)

TRUS Biopsies CaP

Visits
(#)

TRUS Biopsies CaP

(#)
% of
Visits (#)

% of
TRUS (#)

% of
Biopsies (#)

% of
Visits (#)

% of
TRUS (#)

% of
Biopsies (#)

% of
Visits (#)

% of
TRUS (#)

% of
Biopsies

− − 2,951 4,330 7,281
+ 172 158 91.9 85 54.8 11 12.9 232 223 96.1 161 72.2 16 9.9 404 381 94.3 246 64.6 27 11.0

+ − 620 576 92.9 210 36.5 59 28.1 759 722 95.1 284 39.3 99 34.9 1,379 1,298 94.1 494 38.1 158 32.0
+ 125 115 92.0 85 73.9 44 51.8 107 105 98.1 88 83.8 53 60.2 232 220 94.8 173 76.6 97 56.1

Total 3,868 849 21.9 380 44.8 114 30.0 5,428 1,050 19.3 533 50.8 168 31.5 9,296 1,899 20.4 913 48.1 282 30.9

(B)

PSA DRE

Follow-up visit

Uninvited Invited All subjects

Visits
(#)

TRUS Biopsies CaP

Visits
(#)

TRUS Biopsies CaP

Visits
(#)

TRUS Biopsies CaP

(#)
% of
Visits (#)

% of
TRUS (#)

% of
Biopsies (#)

% of
Visits (#)

% of
TRUS (#)

% of
Biopsies (#)

% of
Visits (#)

% of
TRUS (#)

% of
Biopsies

− − 2,296 20 0.9 5 25.0 1 20.0 5,378 25 0.5 10 40.0 0 0.0 7,674 45 0.6? 15 33.3 1 6.7
+ 80 53 66.3 30 56.5 3 10.0 109 62 56.9 29 46.8 2 6.9 189 115 60.8 59 51.3 5 8.5

+ − 641 218 34.0 89 40.8 23 25.8 1,021 366 35.8 135 36.9 30 22.2 1,662 584 35.1 224 38.4 53 23.7
+ 34 22 64.7 19 86.4 7 36.8 34 21 61.8 13 61.9 8 61.5 68 43 63.2 32 74.4 15 46.9

Total 3,051 313 10.3 143 45.7 34 23.8 6,542 474 7.2 187 39.5 40 21.4 9,593 787 8.2 330 41.9 74 22.4



of cancers (65 out of 148 cancers) were DRE+ and 9.5%
of cancers were DRE+ in the presence of normal PSA.

Based on the above-described data, it seems appro-
priate to combine the results obtained in the invited
and noninvited men. It can be seen in Tables IIA and
IIB that the major difference between first and follow-
up visits is the decrease in the percentage of both PSA+

and DRE+ cancers from 34.4% at first visit to 20.3% at
follow-up visits with a corresponding increase in the
percentage of PSA+ and DRE− cancers from 56.0% at
first visit to 71.6% at follow-up visits. DRE+ PSA− can-
cers, on the other hand, decreased from 9.6% at first
visit to 6.8% at follow-up visits. The percentage of
PSA+ DRE+ in the total population decreases from
2.45% at first visit to 0.71% at follow-up visits. The
percentage of PSA+ DRE−, on the other hand, increases
from 14.8% to 17.3%. All cancers diagnosed at first
visits with both negative PSA and DRE were removed
from the present calculations. In fact, 78.3% of men at
first visit and 80.0% of men at follow-up visits had
both normal PSA (# 3.0 ng/ml) and normal DRE.

It then becomes of interest to calculate the number
of DREs and PSA measurements required to find one
case of prostate cancer at first and follow-up visits in
men who had both PSA and DRE at all visits. As can
be seen in Table IIA, 27 (9.6%) of the 282 cancers di-
agnosed at all first visits (9,296) were found by DRE+

in PSA− patients. At follow-up visits (9,593), on the
other hand, 5 (6.8%) of 74 cancers were diagnosed in
PSA− and DRE+ patients. Thus, 344 DREs are needed
to find one case of prostate cancer at first visit while
1,919 DREs are needed at follow-up visits (Fig. 6). On
the other hand, 36 and 141 PSA measurements are
needed at first and follow-up visits to diagnose one
case of prostate cancer.

If only PSA above 3.0 ng/ml had been used to iden-
tify the population of men at high risk and selected for
TRUS, 27 cancers (9.6%) would have been missed at
first visit, and 5 (6.6%) cancers would have been
missed at follow-up (Fig. 7). On the other hand, if only
DRE had been used, 158 cancers (56.0%) would have

been missed at first visit, and 53 (71.6%) at follow-up.
Combining all visits, 32 cancers (9.0%) would have
been missed using serum PSA alone, but 211 (59.3%)
would have been missed using DRE alone for a 6.6-
fold higher sensitivity of PSA compared to DRE (Fig.
8). On the other hand, when all data are combined at
first visit, 90.4% (255 out of 282) of the cancers were
diagnosed with PSA+ at first visit while 44.0% (124)
were DRE+. At follow-up visits, 91.9% (68 of 74) of the
cancers diagnosed were PSA+ while only 27,0% (20)
were DRE+.

We found of interest to study a possible correlation
between serum PSA and DRE at first visit and the
finding of cancer at follow-up visits. As can be seen in
Table III, of a total of 46,731 follow-up visits, the inci-
dence of prostate cancer was 5.8-fold higher in men
who had an abnormal PSA at first visit (0.29% com-
pared with 1.65%) while the incidence was 2.1-fold
higher in men who had DRE+ compared to DRE− at
first visit (0.95% compared with 0.46%) (Fig. 9). More-
over, when PSA was normal at first visit, a positive
DRE had an even lower influence in the incidence of
prostate cancer at follow-up visits (0.30% vs. 0.46%)
(Table III). It is also of interest to express the results as
the percentage of men diagnosed with prostate cancer
at follow-up visits according to PSA and DRE at first

Fig. 5. Percentage of prostate cancer diagnosed by PSA or DRE
alone at first and follow-up visits.

Fig. 6. Number of PSAs and DREs required to diagnose one
prostate cancer at first and follow-up visits.

Fig. 7. Percentage of prostate cancer missed by PSA or DRE
alone at first and follow-up visits.
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visit. With PSA+ and DRE+ at first visit, 2.78% of men
were diagnosed with prostate cancer at follow-up vis-
its compared to 1.53% with PSA+ DRE− (Table III). On
the other hand, in PSA− DRE+ and PSA− DRE− sub-
jects at first visit, prostate cancer was detected at the
much lower rate of 0.46% and 0.30%, respectively.

The correlation between the concentration of serum
PSA and the presence of detectable prostate cancer in
invited men shows that prostate cancer was found in
36 of the 43 men (83.7%) who had serum PSA above
20.0 ng/ml (Table IA; Fig. 10A). The prevalence of
prostate cancer decreased to 41.8%, 24.2%, 17.0%,
8.5%, and 6.8% in the groups with serum PSA ranges
of 10.1–20 ng/ml, 7.1–10 ng/ml, 5.1–7.0 ng/ml, 4.1–5.0
ng/ml, and 3.1–4.0 ng/ml, respectively. When all sub-
jects at first visit are considered, 41 of the 300 cancers
(13.7%) diagnosed in men having a PSA at or above
3.0 ng/ml were found at PSA values between 3.1 and
4.0 ng/ml. At follow-up, the incidence showed much
lower values ranging from 14.3% in those with serum
PSA above 20 ng/ml compared with 83.7% for the
same serum PSA value at first visit (Fig. 10B). On av-
erage, the incidence of prostate cancer for men with
serum PSA above 3.0 ng/ml was 6.3-fold lower at fol-
low-up than at initial visits (2.7% vs. 17.0% at first
visit) (Fig. 2).

Because the goal of early diagnosis of prostate can-
cer is to find cancer at a curable stage, it is of major
interest to observe that of the 206 cancers diagnosed
among the invited men where clinical staging could be
performed at first visit, 151 (73.3%) were at stage A/B,
42 (20.4%) were at stage C, and 13 (6.3%) were at stage
D. At follow-up visits, of the 124 evaluable cancers,
110 (88.7%) were at stage B, 13 (10.5%) were at stage C
and only 1 (0.8%) was at stage D. As can be seen in
Table IVA, similar values were observed in noninvited
men. Table IV and Figure 11 show the results obtained

when all data are pooled for a total of 337 cancers at
first visit and 215 cancers at follow-up visits.

The most important finding is thus that only 2 out
of 215 (1.0%) cancers diagnosed at follow-up visits
were metastatic compared with 6.7% at first visit
(Table IV, Fig. 11) Stage C2 prostate cancers, on the
other hand, decreased from 10.7% at first visit to only
2.4% at follow-ups. Stages B0, on the other hand, in-
creased from 6.1% at first visit to 18.4% at follow-up
visits while stage B1 disease increased from 35.5% to
51.9% and stage B2 cancers, on the other hand, de-
creased from 29.1% to 18.4%.

As can be seen in Tables VA and VB, the age dis-
tribution of prostate cancers discovered at first and
follow-up visits was similar in invited and noninvited
men. The distribution of cancers at the various age
groups for all men is indicated in Tables VA and VB in
Figure 12. As illustrated in this figure, the prevalence
(first visits) and incidence (follow-up visits) of pros-
tate cancer markedly increased with age although the
rate of prostate cancer detection was 6.2 lower at fol-
low-up compared to first visits. At first visit, the per-
centage of men diagnosed with prostate cancer goes
from 0.56% (1 in every 179 men) at the age of 50–54
years to 8.6% (1 in every 11.6 men) at the age of 75–79
years. At follow-up visits, however, the rate goes from
0.2% (1 in every 500 men or visits) at the age of 50–54
to 0.92% (1 in every 109 men or visits) at the age of
75–79 years.

As part of the assessment of feasibility, cost-
effectiveness, and acceptability of detection of early
stage prostate cancer, it is important to consider the
number of TRUS and biopsies required to detect can-
cer in men having serum PSA above 3.0 ng/ml and/
or positive DRE. In our study, in invited men (Table
IIA), TRUS was done in 19.3% of men at first visit and
biopsies in 50.8% of those undergoing echography, for
a percentage of positive biopsies of 31.5%. At follow-
up, on the other hand, 474 TRUS were performed for
6,542 visits (7.2% of visits). Biopsies were done in
39.5% of the 474 men having TRUS, and cancer was
found in 21.4% of biopsies. Of the 11,970 visits, 1,524
(12.7%) TRUS and 720 biopsies were done, and 208
cancers were detected, for an overall 28.9% of biopsies
positive for prostate cancer.

The particularly large size of the population stud-
ied, the random selection of a large proportion of the
subjects as well as the similarity of the results obtained
in a population of subjects presenting themselves for
screening, provide the basis for a valid estimate of the
costs associated with the detection of early stage pros-
tate cancer in the general population. Despite the close
similarity of the results, however, the cost calculations
will be made with the population of men invited for
screening. It is somewhat obvious that all three tech-

Fig. 8. Number of cancers missed by PSA alone and DRE alone
(first and follow-up visits combined).
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niques presently available for detection of prostate
cancer, namely PSA, DRE, and TRUS, although per-
mitting the diagnosis of the largest number of prostate
cancers, cannot be used together as a first-line ap-
proach in the general population.

As clearly suggested in our previous report [14] and
well demonstrated by the present update and exten-
sion of the previous data, the most cost-effective strat-
egy is measurement of serum PSA as a first-line ap-
proach as recently concluded by Schröder and
colleagues [13] in another large-scale screening study.
In fact, PSA is free of subjective assessment, is a pro-
cedure easily acceptable by the general population,
and requires minimal health professional personnel.
Following this strategy, the cost for finding one case of
prostate cancer at first visit is estimated at $2,418.75
(Table VI) for one case of prostate cancer discovered.

Such costs include measurement of serum PSA in
36 men for every cancer diagnosed (at $25.00 each, for
a subtotal of $900.00), followed by TRUS at $200.00 per
man in an average of 5.5 men found to have serum
PSA above 3.0 ng/ml for a second subtotal of
$1,100.00. These 5.5 men will also have DRE at $25.00
per subject for a subtotal of $137.50 (Table VI). Because
more than 50% of men having serum PSA above 3.0
ng/ml have benign prostatic hyperplasia, which ac-
counts for the elevated serum PSA (predicted PSA),
biopsies will be performed in an average of 2.25 men
having high serum PSA (2.25 × $125.00 = $281.25). The
total cost for finding one case of prostate cancer using
this approach is thus estimated at $2,418.75.

If, as a second cost-effective approach (Table VI),
DRE is added routinely at first visit as we have done
in the present study, 32 instead of 36 men will need to
be examined to find one case of prostate cancer. The
costs of serum PSA are thus reduced from $900.00 to
$800.00 while the costs of DRE increase from $137.50
to $800.00. The number of men at risk following the
addition of DRE is increased to 6.5 men. The costs of
TRUS are thus increased to $1,300.00. It is also likely
that the man having DRE+, PSA− will have a biopsy,

for a total number of 3.3 biopsies, thus increasing the
cost to $412.50, for a total of $3,312.50. On the other
hand, if PSA, DRE, and TRUS are all performed at first
visit, we have previously estimated the costs for find-
ing one cancer at $6,125.00 [16].

If follow-up visits are performed annually, 172 se-
rum PSA measurements (x $25.00) must be performed
in order to find one case of prostate cancer, for a total
cost for PSA of $4,300.00 (Table VII). Among the 28
men at high risk, 10.3 will have DRE and TRUS and
biopsy will be performed in an average of 3.9 men, for
a total estimated cost of $7,105.00 to identify one case
of prostate cancer. If DRE is added to PSA at each
follow-up visit, 163 men will need to be examined,
thus increasing the costs of DRE from $257.50 to
$4,075.00. The number of men considered at risk will
increase from 28 to 29, while increasing the number of
TRUS to 11.2 and the number of biopsies to 4.4, for a
total estimated cost of $10,940.00.

DISCUSSION

With 11,811 first visits and 46,751 follow-up annual
visits extending up to 11 years, the present study

Fig. 9. Incidence of prostate cancers diagnosed at follow-up
visits according to PSA and DRE at first visits.

TABLE III. Incidence of Prostate Cancer Diagnosed at Follow-up Visits According to First Visit PSA and DRE Results
(Invited and Uninvited Men Combined)

First visit
PSA

First visit DRE

Negative Positive Not done Total

Visits
(#)

CaP
(#)

CaP
(%)

Visits
(#)

CaP
(#)

CaP
(%)

Visits
(#)

CaP
(#)

CaP
(%)

Visits
(#)

CaP
(#)

CaP
(%)

Negative 34,627 104 0.30 1,741 8 0.46 4,546 7 0.15 40,914 119 0.29
Positive 5,299 81 1.53 468 13 2.78 50 2 4.00 5,817 96 1.65
Total 39,926 185 0.46 2,209 21 0.95 4,596 9 0.20 46,731 215 0.46
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clearly demonstrates the high level of efficacy of a
low-cost strategy which can be easily, efficiently, and
successfully applied in the general population for
screening and diagnosis of prostate cancer at a local-
ized and curable stage. In fact, as demonstrated be-
fore, and confirmed by the present study, the diagno-
sis of metastatic prostate cancer can practically be
eliminated by population screening [17 and the pres-
ent data], thus offering a unique opportunity to use
curative therapies and successfully decrease death
from prostate cancer. If every man simply follows the
recommendations of the American Cancer Society [18]
and of the American Urological Association [19],
namely annual screening starting at the age of 50 years
in the general population and at 40 years for men at
high risk, the proportion of localized or potentially
curable prostate cancer can be increased from approxi-
mately 40% in the absence of screening [20,21] to close
to 100% [17 and present data]. As shown in this study,

Fig. 10. Prevalence of prostate cancers diagnosed at first visits (A) and incidence of prostate cancer at follow-up visits (B) according to
serum PSA.

TABLE IV. Correlation Between Positivity of Serum PSA and/or DRE and the Clinical Stage of Prostate Cancer
Discovered at First and Follow-Up Visits

Clinical stage

First visit Follow-up visits

Uninvited
men

Invited
men Total

Uninvited
men

Invited
men Total

(#) (%) (#) (%) (#) (%) (#) (%) (#) (%) (#) (%)

A2 1 0.49 1 0.31 1 1.22 1 0.49
A3 2 0.97 2 0.61
B0 5 4.13 15 7.28 20 6.12 17 20.73 21 16.94 38 18.45
B1 42 34.71 74 35.92 116 35.47 40 48.78 67 54.03 107 51.94
B2 36 29.75 59 28.64 95 29.05 16 19.51 22 17.74 38 18.45
C1 11 9.09 25 12.14 36 11.01 6 7.32 9 7.26 15 7.28
C2 18 14.88 17 8.25 35 10.70 1 1.22 4 3.23 5 2.43
D1 4 3.31 4 1.94 8 2.45
D2 5 4.13 9 4.37 14 4.28 1 1.22 1 0.81 2 0.97
Not Staged 5 5 10 5 4 9
Total 126 211 337 87 128 215

Fig. 11. Distribution of clinical stages of 337 and 215 (327 and
206 staged) prostate cancers diagnosed at first and follow-up
screening visits, respectively. Data are expressed as percentage of
total number of staged cancers in each group to facilitate com-
parison.
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only 2 out of 215 cancers (1%) diagnosed at follow-up
visits were metastatic, thus permitting up to 99% of
patients being diagnosed at a localized stage and thus
be candidates for curative therapy (C1 to D2). It is thus
reasonable to suggest that if one starts screening at the
age of 50 years, all subsequent visits should be equiva-
lent to the follow-up visits of the present study, thus
practically eliminating the diagnosis of metastatic
prostate cancer.

Screening for prostate cancer is accepted as a health
care policy by prestigious organizations, though oth-
ers disagree [18,19,22]. Nobody can argue, however,
that the high mortality and morbidity rates associated
with prostate cancer very strongly support the need
for screening [23–25]. Knowing that the possibility of a
cure cannot be offered to patients diagnosed at the
metastatic stage [2–4,26–28], it is logical that many re-
cent studies have focused on the detection of prostate
cancer confined to the prostate and still potentially

TABLE V. Age Distribution Versus Prevalence and Incidence of Prostate Cancers at First (A) and Follow-up (B) Visits

(A)

Age
(years)

First visit

Not invited Invited Total

Visits
(#)

Total
(%)

CaP
(#)

CaP
(%)

Visits
(#)

Total
(%)

CaP
(#)

CaP
(%)

Visits
(#)

Total
(%)

CaP
(#)

CaP
(%)

45–49 734 15.90 0 0.00 230 3.20 0 0.00 964 8.16 0 0.00
50–54 934 20.23 6 0.64 1,370 19.04 7 0.51 2,304 19.51 13 0.56
55–59 834 18.07 17 2.04 1,923 26.73 31 1.61 2,757 23.34 48 1.74
60–64 875 18.96 32 3.66 1,572 21.85 46 2.93 2,447 20.72 78 3.19
65–69 707 15.32 32 4.53 1,247 17.33 67 5.37 1,954 16.54 99 5.07
70–74 378 8.19 24 6.35 618 8.59 40 6.47 996 8.43 64 6.43
75–79 145 3.14 14 9.66 214 2.97 17 7.94 359 3.04 31 8.64
80–84 9 0.19 1 11.11 21 0.29 3 14.29 30 0.25 4 13.33
Total 4,616 100.0 126 2.73 7,195 100.0 211 2.93 11,811 100.0 337 2.85

(B)

Age
(years)

Follow-up visits

Not invited Invited Total

Visits
(#)

Total
(%)

CaP
(#)

CaP
(%)

VIsits
(#)

Total
(%)

CaP
(#)

CaP
(%)

Visits
(#)

Total
(%)

CaP
(#)

CaP
(%)

45–49 874 5.51 1 0.11 171 0.55 0 0.00 1,045 2.24 1 0.10
50–54 2,970 18.73 6 0.20 2,639 8.54 5 0.19 5,609 12.00 11 0.20
55–59 3,117 19.65 6 0.19 7,899 25.57 16 0.20 11,016 23.56 22 0.20
60–64 3,112 19.62 18 0.58 7,897 25.56 26 0.33 11,009 23.55 44 0.40
65–69 2,907 18.33 24 0.83 6,322 20.47 36 0.57 9,229 19.74 60 0.65
70–74 1,885 11.89 19 1.01 3,877 12.55 28 0.72 5,762 12.32 47 0.82
75–79 781 4.92 9 1.15 1,723 5.58 14 0.81 2,504 5.36 23 0.92
80–84 205 1.29 4 1.95 349 1.13 3 0.86 554 1.19 7 1.26
85–89 9 0.06 0 0.00 14 0.05 0 0.00 23 0.05 0 0.00
Total 15,860 100.0 87 0.55 30.891 100.0 128 0.41 46,751 100.0 215 0.46

Fig. 12. Effect of age on the prevalence (first visits) and inci-
dence (follow-up visits) of prostate cancer in 45- to 80-year-old
men.
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curable. A main issue in deciding the best screening
strategy is the relative value of PSA and DRE.

In terms of feasibility and acceptability of screening
in a general population of men aged 45 to 80 years and
not screened before, an important finding of the pre-
sent study is that 90.5% of the cancers detected at first
visit were PSA positive (> 3.0 ng/ml) and could thus
be detected by PSA alone while at follow-up visits, as
many as 95% of the cancers detected were PSA posi-
tive and could thus be detected by PSA alone. At first
visit in men who start screening after the age of 50
years, we still recommend DRE, since it can detect
9.6% of cancers in the presence of normal serum PSA.
At follow-up visits, however, or if screening is started
at the age of 50 years or before, serum PSA alone is
recommended since DRE adds only 6.8% of cancers
and a disproportionally large increase in costs. In fact,
at follow-up visits, approximately 2,000 DREs are re-
quired to find one case of prostate cancer when PSA is
normal. As done in the present study, transrectal
echography of the prostate (TRUS) should be limited
to patients having serum PSA above 3.0 ng/ml and/or
with positive DRE [14,16] or showing an annual PSA
increase greater than 20% when PSA was already
above 3.0 ng at previous visit. In a screening study
performed in 2,576 men, it was concluded that neither
DRE nor TRUS are necessary in patients with PSA < 4

ng/ml [29]. Obviously, cancer is present in a signifi-
cant proportion of men having a serum PSA at or
below 3 ng/ml. The present data show, however, that
with the strategy of screening used, these cancers are
diagnosed when still being at a clinically localized
stage and potentially curable.

PSA was first purified in 1979 [30] and identified in
the blood in 1980 [31]. PSA measurement in blood [32]
was then rapidly used to monitor prostate cancer [33].
In today’s practice, the majority of prostate cancers are
diagnosed by abnormal PSA in the presence of normal
DRE [34,35]. However, while diagnosis with PSA per-
mits to diagnose prostate cancer earlier [24], only 60%
of the cancers detectable by PSA are organ-confined at
radical prostatectomy [36]. When DRE is added to
PSA, only 60% of the newly diagnosed tumors are
clinically localized [34,35,37], thus indicating that the
addition of DRE to PSA does not improve the stage of
the cancers diagnosed. Such data presented in the re-
cent review on PSA by Polascik and colleagues [34]
indicate, as expected, that although DRE added to
PSA can increase the number of prostate cancers de-
tected compared to PSA alone, the percentage of can-
cers organ-confined or curable by surgery is lower by
adding DRE, thus confirming the lower sensitivity of
DRE to diagnose organ-confined prostate cancer.

The present study shows that in a previously un-

TABLE VI. Estimated Costs for Finding One Case of Prostate Cancer in a Randomly Selected Population of Men
Aged Between 45 to 80 Years Using PSA Alone, PSA + DRE, or PSA + DRE + TRUS as First Approach at First Visit*

Strategy
No. of
men

At high risk Costs

No. of
men %

PSA
($25.00)

DRE
($25.00)

TRUS
($200.00)

Biopsy-histopathology
($125.00) Total

A) PSA alone followed
by DRE and TRUS 36 5.5 15.2 $900.00 $137.50 $1,100.00 $281.25 $2,418.75

B) PSA + DRE followed
by TRUS 32 6.5 20.2 $800.00 $800.00 $1,300.00 $412.50 $3,312.50

*PSA: prostate-specific antigen; DRE: digital rectal examination; TRUS: transrectal ultrasonography.

TABLE VII. Estimated Costs for Finding One Prostate Cancer at Follow-up Annual Visits in a Randomly Selected
Population of Men Aged 45 to 80 Years Using PSA Alone or PSA + DRE as First Approach at Follow-up*

Strategy
No. of
men

At high risk Costs

No. of
men %

PSA
($25.00)

DRE
($25.00)

TRUS
($200.00)

Biopsy-histopathology
($125.00) Total

A) PSA alone followed
by DRE and TRUS 172 28 16.1 $4,300.00 $257.50 $2,060.00 $487.50 $7,105.00

B) PSA + DRE followed
by TRUS 163 29 17.8 $4,075.00 $4,075.00 $2,240.00 $550.00 $10,940.00

*PSA: prostate-specific antigen; DRE: digital rectal examination; TRUS: transrectal ultrasonography.
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screened population, 90.4% of the cancers could be
identified at first visit by measurement of serum PSA
alone, whereas only 44% of cancers could be identified
by DRE alone. In fact, of the 282 cancers found at first
visits in men with serum PSA above 3.0 ng/ml, only
124 were DRE+. On the other hand, adding DRE to
serum PSA at first visit improved detection by adding
27 cancers (9.6%), while the addition of serum PSA to
DRE could add 158 cancers (56.0%) at first visit. In
summary, 105% more cancers could be identified by
serum PSA than with DRE at first visit. In a study of
6,630 men invited for screening aged 50 years or more
[38], 45% of the cancers were detected by PSA and not
by DRE while 18% were detected by DRE and not by
PSA, taking 4.0 ng/ml as upper limit of normal. The
addition of PSA to DRE alone increased by 81% the
number of cancers detected.

Previous studies reached similar conclusions about
the relatively low sensitivity of DRE [39–41]. In the
American Cancer Society-National Prostate Cancer
Detection Project (ACS-NPCDP) study, the sensitivity
of DRE was 41.1% [42], compared to 44% in the pre-
sent study. Using DRE alone for screening, only one-
third of patients are diagnosed with organ-confined
disease [43–46]. In fact, as mentioned above, screening
with DRE alone has not been shown to improve the
proportion of organ-confined disease at diagnosis
[44,45,47,48] or to increase the percentage of localized
stages compared to nonscreened population [49,50].

The advantages of PSA over DRE become even
more striking at follow-up annual visits when, most
importantly, only 5 of the 74 cancers diagnosed at fol-
low-up visits were detected by adding DRE to PSA,
thus indicating the particularly low sensitivity of DRE
at follow-up visits. Abnormal DRE at first visit, on the
other hand, had no influence on prostate cancer diag-
nosis at follow-up visits in men with normal PSA. In
the Rotterdam section of the ERSPC screening study,
17.3% of cancers would have been missed by PSA
alone using a cut-off value of 4.0 ng/ml [13]. Since 35
cancers were detected at a PSA value of 3.0 to 3.9
ng/ml, only 47 cancers (9.9%) would have been
missed if DRE had not been used at first visit using 3.0
instead of 4.0 ng/ml PSA as upper limit of normal.
Such data are thus almost superimposable to our
study. In the Swedish screening study, similar conclu-
sions were reached before the start of the study and
only PSA was used for first-line screening [51]. The
ERSPC has decided that the yield of cancer was too
low to justify DRE, which was eliminated from the
screening procedure in 1997. In the less than 3.0 ng/ml
PSA range, at first visit, Schröder and colleagues [13]
have found that 135 DREs are required to find one
cancer. As concluded also in the European study, “de-
tection rates are dramatically lower with DRE alone

and strongly depend on PSA levels” [13]. In the Swed-
ish study, men having PSA < 3.0 ng/ml at first visit
were not further evaluated [52].

In agreement with the present data showing a lead
time of 6.2 years, it has been estimated in other studies
that screening with PSA provides a lead time of about
5–6 years [17,53]. Using an efficient strategy of screen-
ing with PSA, such a window of a few years permits
detection of prostate cancer before it migrates to the
bones and becomes noncurable.

A recent study offers very important support for
the unique role of PSA in prostate cancer diagnosis:
75% of prostate cancers that were diagnosed during
the four years following first PSA measurement had
abnormal PSA at start of study [53]. Most important,
men having a serum PSA between 3.01 and 4.0 ng/ml
had a 8.6-fold increased risk of being diagnosed with
prostate cancer, while men having a serum PSA be-
tween 4.01 and 10.0 ng/ml had a 22.2-fold increased
risk compared to those having serum PSA below 1.0
ng/ml. These risk values are much higher than any
other risk factor so far described for prostate cancer
[54] or any other type of cancer. In agreement with
those data, the present study shows that men who had
an abnormal PSA (3.0 ng/ml) and were not diagnosed
with prostate cancer at first visit had a 6-fold higher
risk of being diagnosed with prostate cancer at follow-
up visits than those with normal PSA at first visit.

It is also important to note that the present study
confirms that screening does not detect an important
proportion of small cancers [16,55]. Following surgical
staging, Catalona and colleagues [24] found micro-
scopically focal and well-differentiated cancer in 2.5%
(1/40) of patients referred to the clinic, 2.9% of men
screened for the first time and 7.8% of men at follow-
up screening. It is important to mention that all can-
cers detected by the present approach have an average
diameter larger than 0.7 cm (0.33 cm3) [56] and thus
cannot be considered cancers of no significance to the
future health and life of the patients, unlike tumors
with an average diameter less than 0.7 cm, which
could be regarded as less aggressive [57]. Of the au-
topsy cancers and those diagnosed in a series of cys-
toprostatectomies for pathological conditions of the
bladder [58–60], only 3% had extracapsular extension
and nondemonstrated positive surgical margins, semi-
nal vesicle invasion, or positive lymph nodes [re-
viewed in 61].

Clearly, the three techniques presently available for
the diagnosis of prostate cancer are simply not sensi-
tive enough to discover small cancers such as stage A1
that are incidental findings at transurethral resection
of the prostate that primarily samples the transition
zone, where only 20% of the cancers originate [62–64].
The lower limit of 0.3 cc in the volume of the cancers
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identifiable by the present detection or screening tech-
niques results in the diagnosis of relatively large can-
cers [57], thus eliminating the argument that detection
or screening discovers cancers of no significance to the
health or even the life of a patient having at least a 5-
to 10-year life expectancy. A strong argument support-
ing these findings is provided by the observation that
75% of men who developed prostate cancer with an
elevated PSA died from this cancer [53].

In the Rotterdam arm of the ERSPC, 9,776 men aged
55 to 76 years of age had PSA, DRE and TRUS, 2,262
men had biopsies, and 474 prostate cancers were
found for an incidence of prostate cancer of 4.8% [61].
The rate of positive biopsies was 21.0%. In the present
study, the percentage of positive biopsies was 31.5%
and 21.5% at first and follow-up visits, respectively.
The overall sensitivity and specificity of the proposed
strategy compares favorably with screening for breast,
colon, uterine, and lung cancer [65]. The positive pre-
dictive value of the simple PSA procedure is higher or
at least comparable to that reported for mammogra-
phy used for detection of breast cancer estimated at
10–25% [66,67]. Prostate cancer can be diagnosed by
the present approach at an estimated cost of $2,420.00
(CDN) per cancer at first visit [16], a value well below
the costs estimated at $10,000 and $30,000 for one case
of cervical and breast cancer, respectively.

Prostate cancer has resulted in high individual and
social costs [68–70]. The positive economic impact of
such an approach on health care costs has been pre-
viously discussed [16,71–73]. The calculations then
performed leave little doubt that this strategy based
on efficient screening could play a key role in a suc-
cessful fight against prostate cancer while decreasing
the costs for the health care system and society [74,75].

As mentioned above, no curative therapy exists for
advanced prostate cancer. Unfortunately, such a cure
is unlikely to be available in the foreseeable future,
thus illustrating the absolute requirement to diagnose
and treat prostate cancer at a localized stage. Reports
from cancer registries in all the states followed by the
SEER program of the NCI indicate that prostate cancer
incidence rates have begun to fall [76]. In Olmsted
County, a 22% decline in prostate cancer death has
been observed between 1980 and 1997 after PSA
screening was introduced [77]. Part of the success
could be attributed to the early treatment applied at
the Mayo Clinic, a major treatment site in Olmsted
County. This finding parallels a 6.3% decrease in pros-
tate cancer death nationwide in the United States [78].
In Canada, the death rate from prostate cancer has
decreased by 9.6% between 1992 and 1996, while in
the province of Quebec, prostate cancer death has de-
creased by 23% [79]. It is reasonable to assume that the
recently observed decrease in deaths from prostate

cancer is due to earlier diagnosis with serum PSA
[14,17,80] and transrectal echography of the prostate
[81] coupled with improved treatment of localized dis-
ease by surgery, radiotherapy, brachytherapy, and en-
docrine therapy [8,56,82–86].

Although screening of prostate cancer is a contro-
versial issue, it remains that the diagnosis of prostate
cancer at a localized stage is the only foreseeable pos-
sibility for reducing the high death rate from this dis-
ease. In fact, the significant progress recently achieved
in the screening procedures [14,16,50,83,87,88] has
made detection of localized prostate cancer a realistic
objective. Moreover, recent data provide extremely
convincing evidence for the need to detect and treat
prostate cancer at a localized stage [8–10,53,77,89–94].
It seems reasonable to suggest that the use of the pres-
ently available technology for diagnostic and treat-
ment of localized prostate cancer could lead to a sig-
nificant decrease in the death rate from prostate
cancer. In fact, the data of our randomized screening
study have shown a 69% decrease in prostate cancer
death in the period 1988–1996 in the group of men
screened compared to a randomized control group of
men followed by standard medical practice [94].
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